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Abstract

The principles of operation and design of immersion ultrasonic transducers developed by the authors for excitation
and reception of elastic vibrations in moving filament-like and plane-parallel materials, in particular, polymer fibbers and
films, with an adjustable angle of input (reception) of probing signals into moving controlled object — polymer fibbers and
films at normal and high temperatures.

The technical characteristics of the installation are given in which the converters developed by us are used, namely,
sounding base (distance from the emitter to the receivers), the duration of the probing pulses, the frequency of filling and the
duration of the probing pulses, the speed of the controlled object, the combined standard measurement uncertainties of the
difference At of the propagation times of ultrasonic waves from the emitter to the first and second signal receivers, relative
combined standard uncertainties of measurements of attenuation coefficient and velocity of propagation of ultrasonic waves.
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1. Introduction

Quality control of polymer films and fibers (herein-
after referred to as the material) directly in the process of
their production is one of the urgent technological prob-
lems. It is due to the fact that the physical, mechanical
and strength properties of the material strongly depend
on the technological regime, and express measurements
of the acoustic characteristics (velocity of propagation
and the attenuation coefficient of ultrasound) of the
material, which are related to its elastic and strength
properties, make it possible to quickly control the tech-
nological regime. To measure the acoustic characteristics
of materials, special ultrasonic transducers (emitter and
receiver) are used.

Transducers used to emit and receive ultrasound in
a stationary material are not suitable for moving mate-
rials. The main reason for this is the excitation of a noise
signal in the receiving transducer, the level of which is
several times higher than the level of the useful sig-
nal. The existing transducers for the control of moving
materials have not found wide application for certain
reasons. For this purpose, we have developed a number
of ultrasound transducers [1—3].

2. Statement of the problem and analysis of the literature
Ultrasonic quality control of continuously moving
filaments and films is carried out, as a rule, according
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to the measured values of the propagation velocity and
the attenuation coefficient of ultrasound in these objects.
The most common and more acceptable method for
measuring the propagation velocity and the attenuation
coefficient of ultrasound in continuously moving ob-
jects is a pulsed one. The device [4—8] is based on the
impulse method for measuring the propagation velocity
and the attenuation coefficient of ultrasound.

The objectives of this article were the study of tech-
nical issues of effective excitation and reception of elastic
vibrations in moving thread-like and plane-parallel ma-
terials, in particular, polymer fibers and films.

3. Presentation of the main material

Immersion ultrasonic transducers for excitation and
reception of elastic vibrations in moving materials have
been developed in three versions:

a) with a constant angle of input (reception) of
ultrasonic sounding signals into the controlled object
(hereinafter — the angle);

b) with an adjustable angle at low temperatures
(Fig. 1);

¢) with an adjustable angle at high temperatures
(Fig. 2).

Studies have shown that the main drawback of
the transducer design [1] is the fixed angle (B, = 0)
of wave incidence on the surface of the controlled
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Fig. 1. Variable angle immersion ultrasonic transducer for use at
low temperatures: 1 — controlled object; 2 — rotating cylindrical
body; 3 — immersion liquid; 4 — guide for adjusting the angle
of input (reception) of probing signals; 5 — focusing piezoelectric
element; 6 — piezoelectric element holder [3]

sample, which limits its functionality. The ability to
vary the angle of incidence will effectively excite vibra-
tions in the samples under study. Changing the angle
of ultrasound input is achieved by changing the angular
position of the focusing piezoelectric element 5 (Fig. 1
and Fig. 2) by changing the position of the holder 6
of the piezoelectric element on the arcuate guide 4 of
the rotation and movement mechanism. The focusing
piezoelectric element 5, together with the mechanism
of its movement along its own acoustic axis, makes
it possible to concentrate ultrasonic vibrations on the
surface or inside the controlled object 1 both in the
form of a point (for threads and fibers) and in the
form of a transverse line (for films).

Thus, it is possible to introduce ultrasonic vibra-
tions into a moving controlled object at various angles
B (0 <P <90 °). For example, if a wave from a liquid
falls on the boundary with the inner surface of the
body normally (B, = 0), then it passes (refracts) into
the body, and then into the controlled object at the
same angle, i.e. B = B, = B, = 0 (where 3, and B are
the angles of wave refraction in the transducer hou-
sing and the controlled object). In this case, transverse
vibrations of the object are effectively excited, similar
to the transverse vibrations of a string. If the wave falls
obliquely at a certain angle 3, # 0, then the angle of
refraction of the wave in the object (3, according to
the law of refraction of elastic waves, is determined
by the dependence:

sinf3 = sin B,
Ci
where ¢, and c are the velocities of wave propagation in
the fluid and the controlled object. For example, it was
observed that if an ultrasonic wave from water (¢, =
=1490 m/s) falls at an angle 3, = 44.5°, then the angle
of refraction in a controlled polyethylene terephthalate
film (¢ = 2125 m/s) is 88°, i.e. the direction of wave

propagation practically coincides with the longitudinal
axis of the object, which leads to the most efficient
excitation of waves of the longitudinal mode in it.
To reduce the level of reverberation noise of the
transducer caused by multiple reflections of probing ul-
trasonic waves, the inner surface of its cylindrical body
is pasted over with special damping rubber (excluding
the zone for the passage of working acoustic signals),
which simultaneously dampens natural vibrations (vi-
brations) of the transducer and, as a consequence,
decreases the level parasitic low-frequency vibrations.
When inspecting the material, the shaft of the ro-
tating cylindrical transducer, as well as the piezoelec-
tric element installed on it, remain stationary, thereby
achieving a stable amplitude of the wave excited in
the controlled object. In order to efficiently transmit
ultrasound from the focusing piezoelement 5 through
the immersion liquid layer 3 and the cylindrical body 2
to the controlled material 1, it is desirable to make the
case 2 of a material with an acoustic impedance close
to the acoustic impedance of the material under test.
Studies have shown that for all its advantages,
the converter described above also has a significant
disadvantage in the form of a technological limitation
on its use at high temperatures. The reason for this
limitation is associated with the fact that the maximum
permissible operating temperature of the bulk of the
piezoelectric elements used in ultrasonic transducers
does not exceed 100 =~ 300°C, depending on the brand
of piezoelectric material used for their manufacture.
Specifically, in order to be able to control the
acoustic characteristics of moving materials at high
temperatures, a different design of the immersion
transducer was developed (Fig. 2), in which the perfor-
mance of the piezoelectric element 5 from the effects
of high temperatures is protected by a special thermal
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Fig. 2. Variable angle immersion ultrasonic transducer for high
temperature applications: 1 — controlled object; 2 — rotating
cylindrical body; 3 — immersion liquid; 4 — guide for adjusting
the angle of input (reception) of probing signals; 5 — focusing
piezoelectric element; 6 — piezoelectric element holder; 7 — thermal
insulation casing of the piezoelectric element; 8 — branch pipe for
intake of immersion liquid for its cooling; A — inlet, B — outlet of the
cooling immersion liquid [3]
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Table 1
Technical and metrological characteristics of the installation
in which the converters developed by us are used
Sounding base (distance from emitter to receivers), m 015+1
Controlled object thickness, m 5x10%+2x107
Probing pulse filling frequency, Hz 2x10* +10°
Probing pulse repetition rate, Hz 5x10% +10°
Duration of probing pulses, s 5x10¢+10*
Controlled object speed, m/s 0+5
Combined standard uncertainty in measuring the difference A¢ in the propagation times of the USW 14
from the emitter to the first and second signal receivers, us '
The combined standard uncertainty of measuring the difference AL of the distances between the 18
emitter and the first and second receivers, mm, not more ’
Relative combined standard uncertainty of damping coefficient o measurement, no more, % 10
Relative combined standard uncertainty in measuring the propagation velocity of RAS, no more,% 1

insulating casing 7 and a “jacket” cooling immersion
liquid. Optimal, from the point of view of the oper-
ability of such a converter, will be the mode when
the temperature of the piezoelectric element 5 is in
the operating range (for example, 20°C), the operating
temperature of the monitored object 1 and the cylin-
drical body 2 of the transducer are equal (for example,
200°C), and the temperature change the layer of im-
mersion liquid 3 along the path of the probing sig-
nals from the piezoelectric element 5 to the housing
2 is maintained at their respective temperatures (from
20 °C to 200 °C).

It should be noted that it is impossible to cool
the entire immersion liquid (transducer housing) to
the operating temperature of the piezoelectric element
in order to exclude the possibility of the transducer's
temperature influence on the controlled object. The
optimal mode is easy to maintain by partial intake
(flow B) of immersion liquid 3 and its subsequent re-
turn (flow A) through the holder 6 into the housing 2
of the converter after it has been cooled (thermosta-
ted). In this case, a “jacket” of cooling of the piezo-
electric element 5 appears inside the thermal insulation
casing 7, the efficiency of which can be controlled by

changing the flow rate of the cooling immersion liquid
and its cooling temperature.

The technical and metrological characteristics of
the installation in which the converters developed by
us are used are presented in Table 1.

It follows from Table 1 that the relative combined
standard uncertainties of the measurement of the
attenuation coefficient o and the propagation velo-
city of the RAS, respectively, are not more than 10
and 1%.

4. Conclusions

To excite and receive elastic vibrations in moving
thread-like and plane-parallel materials, in particular
polymer fibers and films, it is advisable to use
immersion ultrasonic transducers.

Transducers with an adjustable angle of input and
reception of probing signals in a moving controlled
object have many advantages over transducers with
a constant angle of input and output.

The main source influencing the combined
standard uncertainties of measurement of the
attenuation coefficient o of RAS is the standard
measurement uncertainty.
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AHoTauis

PosrisiHyTo mpuHUMIIM pOOOTH i KOHCTPYKIii pO3pOo0JIEeHUX aBTOpaMM iMepCiiiHMX YJIbTpa3BYKOBMX I€peTBOPIOBaYiB
IUTsT 30YIKeHHsI 1 MpUifoMy NMPYXHUX KOJMBAaHb y PYXOMHX HUTKOMOMIOHMX i TUIOCKOIMapasieIbHUX MaTepiajaX, 30KpeMa
MOJTIMEPHUX BOJIOKHAX i TUTIBKAaX, i3 MOMXJIMBICTIO PETYMIOBAHHS KyTa BBeNeHHs (MIPUAOMY) 30HAYBAJIbHUX CUTHATIB y py-
XOMMI KOHTPOJIbOBaHUI 00’€KT — TIMOJiMEpHi BOJOKHA i TUIIBKM MPU HOPMAJbHUX i BUCOKMX TeMIlepaTypax.

[TokazaHO OCHOBHMII HEIOMIK KOHCTPYKIIil iCHYIOUMX TIEpPETBOPIOBAUiB, 110 0OMEXYeE iXHi (DYHKITIOHAIbHI MOXIMBOC-
Ti. JIOCHiIXeHO TeXHiuHi MUTaHHS €(hEeKTUBHOIO 30YIKEHHS i MPUHUOMY MPYXHUX KOJMBAaHb Y PYXOMUX HUTKOMOMIOHUX
i TUTIBKOBUX MoJliMepHMX Matepiasax. HamaHo nBa BapiaHTH iMepcCiifHMX yJIbTpa3BYKOBMX IEPETBOPIOBAUIB i3 MOXIIMBICTIO
peryjiloBaHHsI KyTa MaliHHg B MeXax Bia Hysas no 90 rpamyciB sl BUKOPUCTaHHS MPU BiIHOCHO HU3BKUX i BUCOKUX
temneparypax. [lokazaHo ymMoBM (KyTW TamiHHS XBUJIi) HaWOiIbII e(eKTUBHOIO 30yMIKEeHHSI B KOHTPOJbOBAHOMY 00’€KTi
XBUJIb TMO3[0BXHBOI Ta (a00) momnepeyHoi Moau. 3 MeTol eheKTUBHOTO TepelaBaHHs YJIbTPa3BYyKY Bill MepeTBOproBava 1o
KOHTPOJILOBAHOTO 00’€KTa 3alpONOHOBAHO LMIIHAPUYHUI KOPITyC MEpeTBOpIOBaYa BUTOTOBUTU 3 MaTepially 3 aKyCTUUHUM
iMITeTaHcoM, OJTM3BKUM 0 aKyCTUIHOTO iMTIeNaHCy KOHTPOJIBOBAHOTO 00’€KTa.

HaBeneHo TexHiuHi Ta METpPOJIOTiYHiI XapaKTePUCTUKU YCTAHOBKU, B sIKili BUKOPUCTAHO PO3pO0JEHI HAMU TMEPEeTBO-
pioBaui, a came: 0a3a NMPOHMKAHHS (BiJICTaHb Bil BUIIPOMiHIOBaYa IO TPHUIIMAadiB), TPUBATICTh 30HAYBAJIBHUX IMITYJIbCIB,
YyacToTa 3alOBHEHHS i TPUBAJIICTb 30HAYBAJbHUX iMITYJIbCIB, IIBUAKICTb PYXy KOHTPOJBOBAHOIO 00’€KTa, CyMapHi CTaHAApPTHI
HEBM3HAYEHOCTI BUMIpIOBaHb Pi3HUILI A7 4aciB MOUMIMPEHHS YJAbTPa3BYKOBUX XBWJIb BiJl BUIIPOMiHIOBaYa 10 MEPIIOTO i Apy-
roro npuitMaviB CUTHaJiB, BiIHOCHI CyMapHi CTaHIapTHi HEBM3HAYEHOCTI BUMipIOBaHb KoedillieHTa 3aracaHHs i IIBUIKOCTI
TOIIUPEHHST YAbTPA3BYKOBUX XBUJIb.

KoouoBi ciioBa: iMepciiiHUIA; yIbTpa3ByKOBUIA; TepEeTBOPIOBAY; BOJIOKHA; HEBU3HAUEHICTb.

I/IMMepCI/IOHHble YIbTPa3BYKOBbLIC npeoﬁpaaoBaTe.m
O.lW. XaknmoB

TawkeHmckul apxumeKkmypHoO-cmpoumerbHbIl uHcmumym MuHucmepcmea ebicwego U cpedHeao creyuanbHo20 06pasoeaHust
Pecnybnuku Y3bekucmaH, LlatixoHmoxypckul p-H. np-m Haeou, 16A/416, UZ 100011, TawkeHm, Pecnybnuka Y36ekucmaH
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AHHOTAIMSA

PaccMoTpeHBl TTPUHIIUITBL pabOThl M KOHCTPYKLIMU pa3pabOTaHHBIX aBTOPAaMM MMMEPCUOHHBIX YJIbTPa3ByKOBBIX Ipe-
obpa3zoBaTesieil IIsT BO30YKIeHUs] U IpHeMa YIpYyruxX KojeOaHWil B IBMKYIIMXCS HUTEITOTOOHBIX M ILUIOCKOIMapasiebHbIX
Martepuajgax, B YaCTHOCTU IIOJMMEPHBIX BOJOKHAX M IUIEHKAX, C PEryJIMpyeMbIM YIJIOM BBoa (IIprUeMa) 30HIUPYIOLINX
CUTHAJIOB B JBMXXYIIMICS KOHTPOJMPYEMbII OOBEKT — MOJMMEpPHbIE BOJOKHA W TUIEHKW MPU HOPMAJIbHBIX M BBICOKMX
TeMIteparypax.

[IpuBeneHbl TeXHUYECKUE U METPOJIOTMYECKUE XapaKTePUCTUKKM YCTAHOBKHU, B KOTOPOIl MCITOIb30BaHbI pa3paboTaHHBIE
HaMM IIpeoOpa3oBaTe/id, a MMEHHO: 0a3a IPO3ByYMBAaHMS (PACCTOSIHME OT WM3JIydaTessl OO0 IPUEMHUKOB), IIUTEIbHOCTh
30HIMPYIOIIMX UMITYJIbCOB, YaCTOTa 3arOJHEHUS U JUIMTEIbHOCTh 30HIUPYIOIINX MMITYJIbCOB, CKOPOCTh ABVMKCHHSI KOHT-
poIMpyeMOro O0beKTa, CyMMAapHble CTAaHIAPTHBIE HEOIPENEeJEHHOCTU M3MEPEHUl pa3sHOCTH Af BpeMeH pacIpOCTpaHe-
HUSI YIbTPA3BYKOBBIX BOJH OT M3JIydaTesisi K IEepBOMY M BTOPOMY NMPHEMHMKAM CHUTHAJIOB, OTHOCHUTEJIbHBIC CyMMAapHBIC
CTaHIapTHBIE HEOIPEIeIEHHOCTU M3MEepeHMil KoadbduimeHTa 3aTyxaHuss U CKOPOCTH PaCIpOCTPaHEHUST YJIbTPa3BYKOBBIX
BOJTH.

KiroueBbie cj10Ba: MMMEPCUOHHBIN; yIbTPa3ByKOBOIA; MTPeoOpa30BaTelib; BOJOKHA; HEOTPEHIeICHHOCTD.
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